Using multigenerational population register data that cover the total Swedish population, we studied relative mortality of offspring whose parents had formed a new family with children. These primarily adult-age children are found to have lower death risks than those with divorced parents who did not form a new family, which highlights that the link between parental family formation and offspring health may be attributed not only to causal factors associated with family disruption but also to social selection in parents. The association differs notably according to whether sibling groups are determined according to the mother or the father. This finding is interpreted as reflecting varying environmental exposure, because most minor children who experience parental divorce remain with the mother. We approximate that parental social selection, which maliciously affects offspring health, raises the offspring mortality risk by 20%.
Introduction
Using multigenerational register data that cover the total Swedish population, the aim of this article is to study the relative mortality of offspring whose parents had formed a new family with children. The data contain complete sibling groups on both the mother's and the father's side. Since each child's full-siblings and half-siblings can be identified, the parents can be categorized according to whether they have children with more than one partner. These prerequisites provide an opportunity to illustrate that social selection in parents might affect offspring mortality risks.
It is well established that parental marital status is strongly associated with offspring health and well-being (Amato & Keith, 1991; Maier & Lachman, 2000; Wadsworth & Kuh, 1997) . Even when having reached adult ages, people with divorced parents tend to have higher substance use, more behavioral and emotional problems, and higher mortality rates than those with married parents (Buchanan, Brinke, & Flouri, 2000; Emery, 1999; Hetherington, 1999; Pensola, 2003) . They also appear to carry traits and behaviors that make them less successful in finding a marriage partner (Erola, Härkönen, & Dronkers, 2012) . Many studies attribute the association between parental divorce and offspring health to causal factors, such as inadequate parenting practices, conflict between parents, loss of contact with the noncustodial parent, economic factors, and deleterious effects of stepparents in remarriages (Amato, 2000; Dawson, 1991; Flinn, Leone, & Quinlan, 1999; Lawson & Mace, 2008) .
However, selection factors also may account for the correlation, meaning that latent characteristics of the parents can lead to both divorce and difficulties in the offspring. Thus, at least some of the health problems in offspring of divorced families may not be caused only by the divorce but can also result from selection factors that predispose parents both to divorce and to having unhealthy children (Cherlin, Chase-Lansdale, & McRae, 1991; Doherty & Needle, 1991; Emery, Waldron, Kitzmann, & Aaron, 1999) . Potential selection factors include parental antisocial behavior, personality disorders, and unobserved sociodemographic characteristics (Emery, 1999; Rowe, 1994; Simons & Chao, 1996) , as well as genetic factors transmitted from divorceprone parents to their offspring (D'Onofrio et al., 2007; Jockin, McGue, & Lykken, 1996; McGue & Lykken, 1992) .
Based on previous research, it is not clear whether children with a parent who divorced, remarried, and formed a new family have better health than those with a divorced parent who never remarried. On the one hand, parental divorce and remarriage are known to involve increased stress levels, conflicts within the new household, and a lack of institutionalized social support (Capaldi & Patterson, 1991; Coleman, Ganong, & Fine, 2000; Kurdek & Fine, 1993) . On the other hand, a divorced parent who remarries may yet be better equipped to provide material and social support for the children than one who remains divorced (Fritzell & Burström, 2006; Morrison & Ritualo, 2000; Weiss, 1984) . This article contributes to the literature by quantifying offspring's death risks associated with a parent's formation of a new family with children.
An important issue concerning this is who forms the new family. In the cohorts studied here, the majority, or more than 85%, of all minor children who had experienced parental divorce remained with the mother (Statistics Sweden, 2010) . Defining a sibling group by the mother implicates that her potential remarriage and formation of a new family with children reflects not only her parental characteristics but also the living conditions in the new family, which are likely to have an impact on health and long-term mortality of the offspring (Bowlby, 1970; Rossi & Rossi, 1990; Umberson & Chen, 1994) . A sibling group as defined by the father, on the contrary, is not to the same extent contaminated by the effects induced by the family environment, because the offspring of a father who divorced did not generally remain with the father. Children from the father's first marriage are not subject to the environmental exposure of the new family, whereas those from the second marriage have not experienced any parental separation.
Father-defined sibling groups are therefore more capable of reflecting social selection into remarriage and the formation of a new family than mother-defined sibling groups. If offspring health relates to parental social selection and not only to causal effects of remarriage or environmental exposure, we expect to find that children with a father who divorced and formed a new family should have approximately the same low mortality risks as those with a married father who never divorced.
We determine the extent to which deaths cluster within families, since siblings tend to resemble each other on unobservable family characteristics associated with health and mortality. Death clustering may occur because of shared latent risk factors, such as genetic endowment, social environment, parental competence, and health-related knowledge, or due to a causal process, where one child's death raises the death risk of the next child in the family (Arulampalam & Bhalotra, 2006; Omariba, Rajulton, & Beaujot, 2008) . Numerous studies on infant mortality in developing countries have found siblings' survival chances to be interrelated (Das Gupta, 1997; Guo, 1993; Zenger, 1993) . Socialization with regard to health and risk behaviors within the family, similar environmental exposures at childhood, imitation of the siblings' norms, and hereditary factors and biological predisposition suggest death clustering in advanced societies also, where sibling groups are small and mortality rates are modest (Rostila & Saarela, 2011) . To our knowledge, this is the first study that explicitly accounts for death clustering at noninfant and primarily adult ages.
Data
The data for this study come from the Swedish Work and Mortality Data Base (HSIA), maintained at the Centre for Health Equity Studies (CHESS) in Stockholm. The HSIA is a multiply linked database of national Swedish routine registers. For all persons born in Sweden during the period 1932 to 1980 and alive at the end of 1980, there is individual-level information about basic demographic and socioeconomic variables and the month of death for all who died during the period 1981 to 2002. Each person can be linked to his or her registered mother and father, provided that the parent was alive at the end of 1980. We can hereby determine sibling groups as defined by the mother and the father. To account for both the mother's and the father's observable characteristics, we focus on offspring whose both parents were alive at the end of 1980.
Studying sibling groups, and particularly those of noninfant ages, have some notable consequences. First, since the children are nested within parents, the target population should be defined according to the parents' birth year, in spite of the units under analysis being children. Second, comprehensive analyses that account for potential death clustering require that families are complete. A narrow birth cohort restriction of the parents is therefore necessary. Considering that the fertile period in women roughly stretches from 15 to 45 years, it would be possible to include mothers born between 1916 and 1935. We have chosen to include mothers born between 1921 and 1935, however, as we want to measure their socioeconomic position at active working age. The first information available on this account is from the end of 1980, and many in the cohorts born between 1916 and 1920 were retired already by that time. For similar reasons, and to get comparable results, fathers included also belong to the birth cohorts 1921 to 1935. The sibling groups studied therefore consist of offspring who all are from parents born between 1921 and 1935. Of the 722,522 children analyzed, 62,283 had halfsiblings: 39,970 on the mother's side, 31,606 on the father's side, and 9,293 on both the mother's and the father's side.
The age distribution of the offspring is given in Figure 1 . More than 80% of all the children were at least 18 years at the end of 1980, and almost 70% were aged between 18 and 30 years. Since the offspring were followed over a 22-year period, and only 1.3% of all deaths have occurred before age 18 years, the mortality analyses concern primarily adult ages. Complementary analyses that focus on adult-aged offspring only yield results that are close to identical to those reported here. Table 1 gives the distribution of families by the number of children and the number of deaths in offspring when siblings groups are defined according to the mother and the father, respectively. More than three quarters of all the families had more than one child, and almost 90% of the children had at least one sibling. There are in total 13,692 offspring deaths, whereof approximately 88% have occurred in families with more than one child. There is evidently some death clustering, as 6% of all deaths have occurred in families that have experienced more than one child's death.
Of the 315,267 mothers, 12,698 had children with more than one partner, meaning that these children have half-siblings. The corresponding number for the fathers is 9,311 out of 318,738 (Table 2) . Only 594 mothers and 501 fathers had children with more than two partners.
Analytical Framework
The offspring death risk, which is the outcome of interest, is analyzed by age-specific mortality hazard models. As discussed below, there is no withinfamily variation on the family variables used. We therefore use a random effects specification to incorporate the possibility of death clustering (see Allison, 2005) .
Variables
Since the children are grouped according to whether they are siblings, men and women must be included in the same models. The child's sex is therefore used merely as a covariate, in spite of the generally large sex differences in mortality rates. A strategy to circumvent the problem would be to focus on same-sex sibling groups, but even with total data for a population of Sweden's size, the number of deaths is too small to obtain enough statistical power. Stratifying the hazard models by child's sex does not affect estimates for the other variables of interest, so we report only the results of the more parsimonious models. We use a piecewise linear spline function for age. Age at entry is the child's age at the end of 1980, that is, the clock for the hazard models start ticking from the child's age when he or she enters the observation window.
Offspring's socioeconomic background is measured by each parent's socioeconomic position at the end of 1980, that is, when the parent was aged between 45 and 59 years. It distinguishes among blue-collar workers, lowerlevel white-collar workers, upper-level white-collar workers, self-employed, early retired, house-workers, and others. Offspring's county of residence at the end of 1980 (25 categories) is included to capture any regional variation in mortality rates. As for socioeconomic background and residence, information about a parent's marital status is available only from the end of 1980. However, by using it as a complement to the data on each child's full-siblings and half-siblings, we know if a separated parent had formed a new family with children. This means that in the data, we can separate and compare offspring of parents who differ on the outcomes of the family formation process. The process itself, in terms of creation and disruption of families, cannot be observed explicitly. Hence, we categorize the offspring according to a summary of the reference parent's (not each child's) family history.
In our preliminary analyses, we attempted to utilize information about the offspring's own socioeconomic position, which is available for the years 1980, 1985, and 1990 , but soon we realized that parental socioeconomic position is to be preferred. Using the offspring's own socioeconomic position will lead to a considerable part of the observations being inadequately classified, particularly those who die young or early in the process as they have not established a socioeconomic position. Studies have found that socioeconomic background as measured by parental socioeconomic position and own socioeconomic position have similar effects on offspring mortality risks and lead to similar conclusions with regard to the effects of other common mortality predictors (Saarela & Finnäs, 2009 . Information about offspring marital status cannot be used, as it is available only from the end of 1980. Table 3 shows how the children are distributed when the information on siblings and parental marital status is combined. The reference parent is the mother if sibling groups are defined on basis of the mother, and the father in case sibling groups are defined on basis of the father. This description certainly contains some ambiguities derived from the information about parents' marital status, but since the sibling information is complete and fully reliable, it serves well to reflect the focal point of interest, which is the parents' formation of families with children.
The two largest groups in each panel, offspring with a married reference parent and no siblings or full-siblings only (Table 3 , row 1, columns 1 and 2), represent the offspring of parents who did not form a new family with children. The lion's share of all offspring in this category comes from stable marriages. There is some misclassification, however, since we cannot separate parents who remarried without forming a new family with children. Columns 1 and 2 of row 2 represent offspring with a reference parent who did not find a new marriage partner after divorce. These children have consequently no siblings or full-siblings only. If the reference parent is married and the offspring have half-siblings (row 1, column 3), the parent had formed a new family with children. Offspring with half-siblings whose reference parent is divorced (row 2, column 3) generally come from parents who had split their family more than once. In the parent cohorts studied here, consensual unions among childless persons were rare and parents who never married few (Andersson, 1998) . Children with never-married parents (row 3) therefore constitute a marginal group, but they are included in the analyses for the sake of completeness. Parents to these children represent consensual unions, mothers who constantly had been sole supporters and fathers who had acknowledged their paternity but never went into marriage (with any woman). A widowed reference parent (row 4) means that he or she has remarried and afterward became a widow or widower, as we condition on that a child's both parents were alive at the end of 1980.
Our primary aim is to study the relative mortality of offspring who have half-siblings, and particularly those with (re)married parents. Inference about the potential role of social selection is drawn by comparing the relative mortality risk from models based on father-defined families with that from corresponding models based on mother-defined families.
Statistical Models
To determine the importance of death clustering, we estimate one set of ordinary hazard models with independent observations and another set of models where the offspring of the same sibling group are treated as dependent observations. The hazard model for offspring mortality with independent observations, that is, which does not account for potential death clustering, takes the following form if the sibling groups are defined by the mother: The lower indexes j and i stand for the family (sibling group) and the child, respectively. Since the children are nested within mothers in the motherdefined specification, and within fathers in the father-defined specification, the parameters β 
Results
The estimation results are summarized in Table 4 . The first two columns refer to models where observations (siblings) are considered independent, and models are estimated separately according to the mother and the father.
The effects of the child's sex and socioeconomic background are generally as expected. The mortality hazard of women is naturally much lower than that of men. The influence of father's socioeconomic position is stronger than that of mother's socioeconomic position, which is the reason why some of the estimated effects for the latter appear awkward. For instance, offspring with fathers who were upper-level white-collar workers have a log-hazard of mortality that is 0.1 lower than that of children with fathers who were blue-collar workers, whereas the difference is the opposite, or 0.1 higher, as viewed on basis of mother's socioeconomic position.
The two latter columns refer to mother-specific and father-specific models where offspring of the same sibling group are treated as dependent observations. The standard deviation of the parameter representing unobserved heterogeneity is about 0.77 (which corresponds to a correlation coefficient of 0.37), with a small standard error of 0.037, saying that the families vary systematically in terms of their offspring's death risks, even at these primarily adult ages. Some latent family-specific factors consequently underlie the variation in offspring mortality risks. Incorporating the random effect does not change the estimated effects of the other variables or their standard errors to any noteworthy degree or in any systematic way, however.
The variable of central interest is the one that combines the reference parent's marital status and the child's siblings. Its estimates have been reorganized and transformed into relative death risks in order to improve readability. Table 5 gives these exponentiated coefficients together with 95% confidence intervals. Children with half-siblings and whose parents were (re)married serve as the reference group, which facilitates the comparisons of greatest interest.
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at Abo Akademi University on September 9, 2013 jfi.sagepub.com Downloaded from Note. 95% confidence intervals are provided within parentheses. The total number of child deaths is 13,692, and the total risk time is 15,781,657 person years. The numbers are based on estimates from the two hazard models with dependent observations (see Table 4 ). The results correspond with our expectations. Offspring without siblings and with married parents have practically the same mortality risks as those with full-siblings and married parents. Having a divorced parent and fullsiblings, on the other hand, is associated with elevated mortality, approximately 25% higher than that of offspring who come from stable families. The offspring of mothers who divorced and remain unmarried have a 10% higher mortality risk as compared with children whose mothers remarried and formed a new family, that is, children who have half-siblings. In the absence of any environmental influence, which is unlikely in the case of motherdefined sibling groups, this can be interpreted as an effect of parental social selection. If the mother experienced more than one divorce, in the sense that the offspring with half-siblings have a divorced mother, the mortality risk is 30% higher as compared with the reference group. Since these families are defined by the mother, this elevated mortality risk is likely a result of detrimental effects of both environmental exposure and parental social selection.
The pattern is partly different if the family is defined by the father. This has to do with the fact that offspring with half-siblings on the father's side do not generally live together and therefore cannot be exposed to the same environmental effects as if they had been half-siblings on the mother's side. We see that the mortality risk of offspring with half-siblings and a (re)married father is the same as the mortality of offspring from stable families. Those with full-siblings and a divorced father, on the other hand, have a 21% higher mortality risk. If the father was divorced, remarried and divorced again, so that the offspring have half-siblings and a divorced father, the offspring mortality risk is practically the same as that of offspring of fathers who remained divorced, that is, of children with fullsiblings and a divorced father. Since half-siblings on the father's side do not generally live together, we interpret these results as induced by parental social selection. Hence, unobserved parental characteristics that maliciously affect offspring health raise the offspring mortality risk by approximately 20%.
Mortality risks in the marginal groups consisting of offspring with nevermarried parents and divorced parents who had become widow(er)s are generally higher than among offspring who come from stable families. Considering their "nonstandard" family background, this is expected and presumably reflects both parental characteristics and specific rearing conditions at childhood that influence offspring's long-term health and well-being.
Conclusion
This article illustrates that, like marriage, remarriage and the formation of a new family reflect parental social traits that promote offspring health. We have used Swedish data on complete siblings groups from parents born between 1921 and 1935 and studied offspring mortality over a 22-year period, primarily in adult ages. We find that offspring with divorced parents who formed a new family have lower death risks than those with divorced parents who did not form a new family. The association differs notably according to whether families are defined according to the mother or the father. Offspring with a father who formed a new family have mortality risks that are in parity with those of children from stable marriages, whereas an equally beneficial outcome cannot be observed for offspring with a mother who formed a new family. Few children live with the father after a divorce, meaning that halfsiblings on the father's side are much less likely than half-siblings on the mother's side to share the same family environment. This finding consequently suggests that the link between parental family formation and offspring health may be attributed not only to causal factors associated with family disruption but also to social selection in parents. Based on the estimates from father-defined families, we approximate that parental social selection, which maliciously affects offspring health, raises the offspring mortality risk by approximately 20%. In contrast to previous research on parental marital status and offspring health, we thus provide an explicit estimate for the potential influence of parental social selection on offspring mortality.
We have accounted for death clustering, since siblings tend to resemble each other on family characteristics associated with health. The data indicate that the families differ on latent risk factors that influence offspring mortality. However, as compared with results from standard models with independent observations, the estimates and their standard errors change modestly.
During the past decades, parents' separation and formation of new families have become increasingly more common. In Sweden, only 60% of all children who still live at home at age 17 years are found in a household with both their parents (Statistics Sweden, 2007) . Many have also experienced a parent's formation of a new family, meaning that the child has half-siblings. The data used here say that, among the offspring of mothers born before 1915, one in 10 had half-siblings. In the younger mother cohorts born after the mid-1920s, with children born primarily in the late 1950s and early 1960s, the corresponding proportion was about 15%. Considering the high separation rates of parents in today's Sweden, this development will not taper off in the near future.
The increasing number of persons who come from nonnuclear families implies that future studies concerned with the interrelation between parent's marital status and offspring health ought to incorporate some dimension of parents' family history. Yet a growing number of separated parents have shared custody of their minor offspring. The consequences for children who come from later-born parent cohorts will not therefore necessarily be the same as documented here.
